Abstract
INTRODUCTION
For many centuries, medicinal and aromatic plants (MAPs) have been used for their unaccounted properties. Recently, many industrial branches have shown interest again in MAPs and their bioactive compounds with potential applications in food industry, nutraceuticals, cosmetics and perfumes (Moisă et al., 2017; Pereira et al., 2013; Zrig et al., 2016,) . Different plants belonging to the Lamiaceaefamily are dispersed worldwide and represent the 6 th largest plant family containing over 200 genera and over 7000 species (Bekut et al., 2017; Trivellini et al., 2016) . The genus Origanumincludes 39 herbaceous and perennial species (Martins et al., 2014; Moisă et al., 2018) that are widely distributed predominantly in the Mediterranean region, and have specific glandular and non-glandular hairs which secrete essential oils, that give the plants their specific odour (Ličina et al., 2013) . The main components of oregano are: essential oils (linalool, p-cymene, γ-terpinene) , flavonoids, and phenolic acids, with multiple biological activities: antioxidant, antimicrobial, antiviral, choleretic, diaphoretic, expectorant, insecticidal and genotoxic activities (Bosabalidis, 2003; Marin et al., 2015; Moisă et al., 2018; Lawless and Roche, 2013; Sajilata and Singhal, 2012; Teixeira et al., 2013; Zhang et al., 2014) . Because of its characteristically aroma (warm, slightly spicy) and chemical composition, Origanumplants are intensively used in agriculture, pharmaceutical, cosmetic and food industry. Its antioxidant properties have proved effective in slowing lipid peroxidation, making them suitable in the production of edible films and other bioactive food packaging (OrtegaRamirez et al., 2016; Transito López Luengo and Máñez Arisó, 2015) .
Due to the fact that they are secondary metabolites in plants, their concentration is influenced by the environment conditions (Ličina et al., 2013) and are a good source of human dietary natural antioxidant components (Chun et al., 2005; Skotti et al., 2014) . The aim of this study was to determine the differences between chemical composition of volatile oils, phenolic content and antioxidant activity of different O. vulgareL. var. aureum plant parts: leaves, flowers, and stems.
MATERIALS AND METHODS

Plant material
Aerial parts (herba) of Origanum vulgare L. var. aureum(OVAL) were gathered in late June 2017 from Lovrin Agricultural Research and Development Resort 20º 47' E longitude and 45º 57' N latitude, Lovrin commune, Timis county. Harvested material was left to air-dry, away from sunlight in a well-ventilated room for two weeks. Dried herba was stored in paper bags until further analysis and voucher specimens were taken and preserved at the Institute of Technical and Natural Sciences ResearchDevelopment-Innovation of "AurelVlaicu" University of Arad.
Chemicals and reagents
High purity (96%) ethanol was purchased from Chemical Company (Romania) and further used as solvent for the preparation of the postdistillation hydro-alcoholic extracts. HPLC reference standards (rutin, quercetin, kaempferol, catechin, pyrogallol, pyrocatechol, p-coumaric acid, caffeic acid, vanillic acid, syringic acid, ascorbic acid and riboflavin) were purchased from Sigma Aldrich (Germany) and acetonitrile (HPLC grade) was purchased from Merck (Germany). Other reagents and solvents were of analytical grade, obtained from Sigma Aldrich (Germany) and Merck (Darmstadt, Germany).
Essential oil extraction
The dried plant material was separated and divided into four categories: leaves, flowers, stems and whole plant. Essential oil extraction was performed by steam distillation using a 5L copper alembic distillation equipment. The oregano post-distillation waste material was dried at 70ºC for 72h using a drying oven (Model FD23, Binder, Germany).
Polyphenols extraction
Phenolic extracts were prepared using 1:10 w/v dried and grinded oregano post-distillation waste material in a 60% ethanolic solution using a Soxhlet apparatus. The extraction time was 2h and 30 minutes after reaching boiling point, under continually magnetic stirring. All extracts were filtered twice, first using a porous paper filter (MN 615 ff ¼ Ø 150 mm) followed by a secondary fine filtration using 25mm Syringe filters (0,45µm PTFE membrane).
Chemical composition GC/MS analysis and identification of essential oil (EOs) constituents
EOs constituents were determined using a gas chromatography apparatus (Shimadzu2010, Kyoto, Japan) coupled with triple quadrupole mass spectrometer (TQ 8040, Shimadzu, Kyoto, Japan). The column used was a 1MS Accent capillary column (30 m x 0.25 mm i.d., 0.25 µm film thickness, Macherey-Nagel, Duren, Germany) with helium as a carrier gas at 0.83 L min -1 . Oven temperature was initiated at 70 ºC for 11 min, raised to 190 ºC at a rate of 5 ºC min -1 and then to 240 ºC at a rate of 20 ºC min -1 where it was left for 5 min. Injector and MS source temperatures were set to 250 ºC and 200 ºC, respectively. EOs constituents have been identified based on their mass spectra using NIST 14 library and Wiley 09 library. Retention indices (RI) were calculated relative to C4-C26 n-alkanes mixture.
Total phenolic content
The total phenolic content for each extract was determined spectrophotometrically using Folin -Ciocalteu (FC) procedure as described in (Pag et al., 2014) . Total phenolic content was determined and expressed as mg Gallic acid equivalents (GAE/L) using a standard curve as reference. The extracts to be analyzed were diluted with distilled water (1:25, v:v) . Afterwards, in a 10 mL volumetric flask, 1 mL of sample was added and to that 0.5 mL of Folin -Ciocalteu reagent alongside 2 mL Na 2 CO 3 (20%) and 5 mL distilled water.
After a period of 90 minutes incubation time at room temperature in the dark, the absorbance was measured at λ = 765 nm using a UV-VIS double beam spectrophotometer Specord 200 (Analytik Jena AG, Germany), and a 10 mm quartz cuvette. The standard reference curve for gallic acid was made for the following concentrations: 0, 20, 40, 100, 160, and 200 mg L 1 , respectively. The regression equation and correlation coefficient were calculated and expressed in mg GAE/L. All measurements were performed in triplicates.
DPPH• radical scavenging assay
The extracts ability to scavenge the radical cation 2,2-diphenyl-1-picrylhydrazyl (DPPH•) was evaluated spectrophotometrically at 517 nm as reported in (Catana et al., 2017; Pag et al., 2014; Tuberoso et al., 2007) . The DPPH• radical solution was prepared in ethanol (0.2 mM). 0.1 mL (20 mg/mL) of sample was mixed with 3 mL DPPH• solution. The spectrophotometric readings were recorded after 60 minutes of incubation in the dark at room temperature, by using a UV-VIS double beam spectrophotometer Specord 200 from Analytik Jena (Germany) at 517 nm using a 10 mm quartz cuvette. As reference, positive controls containing 2.5-50 mg L -1 gallic acid and 0.02-4.00 mMTrolox, respectively, were prepared in ethanol. Data were expressed in mg GAE/L and mmol TEAC/L, respectively. The percentage of DPPH• inhibition was calculated with Eq. (1): where: Abs control -is the absorbance of 0.2 mM DPPH• in ethanol; Abs sample -is the absorbance of 0.2 mM DPPH• containing plant extract.
UHPLC analysis of the polyphenolic extracts UHPLC analysis was performed using an ultrahigh-performance liquid chromatograph (Nexera X2, Shimadzu, Tokyo, Japan) equipped with a diode array detector (M30A, Shimadzu, Tokyo, Japan) and a Nucleosil 100-3-C18 reversed-phase column (4.0 mm i.d. x 125 mm column length, 3 µm particle size, Macherey-Nagel GmbH, Duren, Germany). The column temperature was maintained at 30 ºC and the flow rate was 1 mL min -1 . The elution solvents used for the chromatographic analysis consisted of ultrapure water with 0.1% TFA (A) and acetonitrile (B). The chromatographic elution program used was as follows: 95% A and 5% B, then the linear gradient grew to 42% B and maintained for 5 min, followed by a linear gradient of 35% B in 30 min. Later, the eluent was changed to 95% A and 5% B linear gradient for 5 minutes. The injected volume of samples and standards was 10 µL and it was done automatically using an auto-sampler. The spectra were acquired in the wavelength range: 200 -600 nm.
RESULTS AND DISCUSSIONS
Essential oil content
The essential oil extraction yields differ between leaves, flowers and whole plant. For the leaves, the yield was 0.5% while for the flowers the yield was 0.2%. Due to very small amounts, essential oils fromstems could not be collected. The chemical composition of essential oils obtained from leaves, flowers and whole plants have been determined using GC-MS technique and the chromatograms are depicted in Figure 1 . It has been shown that significant differences exist in regard to major components of oils extracted from different plant parts. Leaves have higher amounts oflinalool, p-cymene, trans-β-ocimene, shyobunolandspathulenol. Flowers contain higher amounts of γ-terpinene, terpinolene, isocaryophyllene, β-myrcene and δ-cadinene, as presented in Within the same plant, high content of γ-terpineneisspecific to upper leaves and flowers, while lower leaves are high in p-cymene (Chizzola, 2013) . Also, γ-terpinene could be an artefact resulted in the distillation process at the expense of p-cymene. This aspect was observed in headspace analysis by (Chizzola, 2013; Johnson et al., 2004) . Essential oil made out of whole plant material had lower γ-terpinenecontent and larger p-cymene content because of its leaves to flower ratio.
Total phenolic content
The 60% hydro-alcoholic solution used for the extraction is the most efficient for extracting the best amount of different phenolic compounds from oregano post-distillation waste material. The majority of compounds of interest (rutin, catechin, pyrocatechol, caffeic acid, gallic acid and riboflavin) have the best yields in 45 -80% hydro-alcoholic solutions as described in (Gavarić et al., 2015; Pag et al., 2014) . Spectrophotometric methods are simple and reproducible and are used as rough screening for total phenolic content, before a more precise chemical analysis is done by chromatography. Results are presented in Table  2 alongside antioxidant activity. Total phenolic content varied from 6800 (OVAL W1 whole plant) to 3174 (OVAL W1 stems) mg GAE/L (Table 2) indicating that leaves and flowers contribute to the majority of phenolic compounds rather than stems which are higher in cellulosic and lignocellulosic substances. Although in relation to the whole plant, the separated extraction was less efficient. Divided into categories, the leaves extracts showed the highest content in phenols (6523 mg GAE/L) followed by flowers (6465 mg GAE/L) and stems (3174 mg GAE/L).
Antioxidant activity
The antioxidant activity of oregano postdistillation hydro-alcoholic extracts was measured using the free radical scavenging capacity of DPPH•. The ability of these extracts to act as H or e -donors to stable DPPH• was measured and the data are presented in Table 2 . The inhibition varied between 63.1 and 88.6% as well as 31.3 and 44.4 mg GAE/L and 2.6 to 3.8 mmol TEAC/L for leaves and stems. In contrast to total phenolic content, the stems presented a very strong radical scavenging capacity. All investigated extracts expressed strong antioxidant potential indicating that they could be used for the isolation of these phenolic compounds.
UHPLC analysis
Quantitative results from the chromatographic analysis for the oregano post-distillation hydroalcoholic extracts are presented in Table 3 . The following components were identified and quantified: flavonols (rutin, quercetin, kaempfelor and catechin), phenols (pyrogallol and pyrocatechol), hydroxycinnamic acids (pcoumaric and caffeic acids), hydroxybenzoic acids (vanillic, gallic and syringic acids) and vitamins (ascorbic acid and riboflavin). The major components in all oregano postdistillation waste extracts were: catechin ( 
CONCLUSIONS
The present study revealed the differences between bioactive substances obtained from different oregano plant parts (leaves, flowers and stems). GC-MS analysis of the essential oils obtained from leaves and flowers showed p-cymene, γ-terpinene and linalool as major constituents, but also unique compounds for each part: cis--bisabolene and δ-cadinene found only in flowers and β-bourbonene and spathulenol in leaves. UHPLC analysis, total phenolic content and antioxidant activity revealed that a higher phenolic content does not necessarily involve a strong radical scavenging capacity implying that other bioactive components are responsible for it. Because of their heterogeneous repartition in the plant material, extracts obtained from them have different compositions and therefore could have various end applications depending on their biologic activity.
